Objective: To assess differences in cheese and milk consumption across socioeconomic groups in representative samples from several European countries. Design: A meta-analysis of published and unpublished surveys of food habits performed in nine European countries between 1985 and 1999. Educational and occupational levels were used as indicators of socio-economic status. Results: A higher socioeconomic status was associated with a greater consumption of cheese. The pooled estimate of the difference in cheese consumption between women in the highest vs the lowest educational level was 9.0 g/day (95% CI: 7.1 to 11.0). The parallel observation in men was 6.8 g/day (95% CI: 3.4 to 10.1). Similar results were obtained using occupation as an indicator of socioeconomic status. The pooled estimates of the higher cheese consumption among subjects belonging to the highest (vs the lowest) occupational level were 5.1 g/day (95% CI: 3.7 to 6.5) in women and 4.6 g/day (95% CI: 2.1 to 7.0) in men. No statistically significant associations were found for milk consumption concerning educational or occupational level. Conclusions: Our findings suggest that consumption of cheese is likely to be higher among subjects belonging to higher socioeconomic levels. We did not find enough evidence to support that milk intake is different according to educational or social levels. Sponsorship: FAIR-program of the European Union (project,.
Introduction
Studies undertaken in developed countries have shown social class differences in health and life expectancy (Kunst & Mackenbach, 1994a,b; Mackenbach et al, 1997; Roos et al, 2001) . Furthermore, there are socioeconomic disparities in mortality and morbidity from several diseases such as osteoporosis (del Rio-Barquero et al, 1992) , coronary heart disease, stroke, digestive diseases, diabetes, obesity, and some cancers (US, Department of Health and Human Services, 2000) . Some reasons may explain this mortality and morbidity inequalities, since lower social groups are exposed to more difficult and risky tasks and do not have such a great interest in their future health. Other important reasons associated with socioeconomic factors are nutrition-related and lifestyle characteristics such as physical activity, alcohol, smoking, and diet (Hulshof et al, 1991; Prätälä et al, 1994; Borrell et al, 2000) .
Many studies have reported social differences in food consumption as well as the quantity and quality of the diet composition (Erkkilä et al, 1999; Fraser et al, 2000; Hupkens et al, 2000) . On average, a higher socioeconomic level has been associated with healthier dietary patterns. A healthier dietary pattern is believed to include a higher consumption of fruits and vegetables and a lower intake of fat and meat. Thus, people with a higher socioeconomic level tend to show a higher consumption of vegetables, fruits and fiber products and a lower consumption of meat, meat products, and fats than people from a lower socioeconomic level (Erkkilä et al, 1999; Fraser et al, 2000; Irala-Estévez et al, 2000) . In fact, there is available evidence supporting the assumption that a lower intake of meat and fat is associated with a higher socioeconomic level in Europe (Johansson et al, 1999; Roos et al, 1999; Groth et al, 2001) .
A low intake of calcium and dairy products has been associated with several diseases such as osteoporosis (Gennari, 2001 ), hypertension (Ascherio et al, 1996) , stroke (Iso et al, 1999) or even the insulin-resistance syndrome (Pereira et al, 2002) . It is logical to think that part of the social inequalities in health in Europe could be associated with a lower intake of dairy products among socially deprived subjects.
Various measures of social status have been used to investigate their association with food intake in population samples from developed countries such as Australia (Baghurst et al, 1990) , USA (Popkin et al, 1989) , Great Britain (James et al, 1997; Fraser et al, 2000) , The Netherlands (van Rossum et al, 2000) , Spain (Arija et al, 1996) , and Finland (Roos et al, 2001) .
In this context, systematic reviews have been conducted to establish if there were substantial differences across social groups in several European countries with respect to several food items consumption (Roos et al, 1999) . Roos et al reviewed published data dealing with differences in fruit and vegetable consumption across Europe (Roos et al, 2001 ) while Irala-Estévez et al carried out an analysis based on the differences in the consumption of fruits and vegetables across educational and occupational levels (Irala-Estévez et al, 2000) . This new analysis is also a systematic review aimed to assess differences in consumption based on socioeconomic differences across European countries. We systematically assessed the differences in cheese and milk consumption according to socioeconomic status (divided into educational and occupational levels) in nutritional surveys conducted in nine European countries.
Methods
Some of the methods for this meta-analysis have been reported elsewhere (Irala-Estévez et al, 2000) .
Identification of studies
To systematically review differences in the consumption of cheese and milk across educational/occupational levels, we used a formal meta-analysis (Greenland, 1998) . Procedures of formal meta-analysis most often have been applied to combine the results from previously reported studies (Dickersin, 2002) . However, in the current meta-analysis, we also included data from several European countries that have not yet been published.
An international network of European investigators was established (Compatibility of the household and individual nutrition surveys in Europe and disparities in food habits, FAIR-97-3096 funded by the DG-XII of the European Union) to prepare this report. The aim was to perform a comprehensive search of available data about disparities in food habits in Europe (the Disparities group). The two main methods to identify relevant studies were bibliography searches, and a questionnaire mailed to researchers working in this field in each country, in order to identify unpublished studies, or those published in the gray literature. The aim of this search was to identify relevant studies and to explore if there were large-scale comparative studies of the nature and magnitude of educational and/or occupational differences in food habits in 12 European countries participating in the FAIR 97-3096 project (Belgium, Denmark, Estonia, Finland, Germany, Greece, Ireland, Lithuania, The Netherlands, Norway, Spain, Sweden, and UK). The bibliography search on disparities in food habits was developed based on literature searches and information from researchers on references and relevant studies. References were located by conducting a computerized literature search (MEDLINE database) based on the objectives of the study and discussions among the participants via the following keywords regarding disparities: 'socio-economic status', 'education', 'occupation', 'social class', 'income', 'employment', 'poverty', 'gender', and 'region'; and regarding food habits and the intake of the specific nutrients: 'cheese', 'milk', 'food', 'meal', 'nutrients', 'nutrition', 'diet', and 'eating'. European researchers were also contacted following a snow-ball sampling approach and we also manually reviewed documentation centers, books and journals. Researchers from each participating country were asked in a questionnaire to provide information on key references, relevant studies, and names of other researchers in the field of their country. For a more detailed description of the searching process, see Roos et al (1999) .
Criteria for selecting studies to be included in the metaanalysis were defined by the Disparities group and are as follows:
means and standard deviations of individual food items consumption (cheese and/or milk) across levels of education or occupation.
Data abstraction
As occupation and education are intrinsically related and often serve as proxy measures of each other (US Department of Health and Human Services, 2000) , the socioeconomic status was classified depending on two indicators: education and occupational class. From each selected study we identified the highest level of education (university or college) and the lowest level (primary education), and calculated the mean and standard deviations of the consumption of cheese and milk separately for men and women for each of both levels. Similarly, we calculated the mean and standard deviations of cheese and milk consumption from the highest and the lowest socioeconomic levels according to the classification by occupation used in the survey. The validity of each procedure used in individual studies for the classification of education levels and occupational levels was subjected to a panel revision by the Disparities group (Roos et al, 1999) . A document was elaborated by this group after reviewing the relevant literature on classification of socioeconomic status in the participating countries (Roos et al, 1999) .
We used four different methods to assess dietary habits: 24-or 48-h dietary recalls, non-weighted dietary record methods, food frequency questionnaires, and diet history (Buzzard, 1998) . We also took into account the year in which the survey was performed and the participation rate in each survey.
Statistical Analysis
After critically assessing the nature, extent, and comparability of the data sources, the estimates of 12 studies from nine countries were considered appropriate to be included in the meta-analysis. The meta-analysis provides a logical structure for systematically quantifying evidence and for exploring bias and diversity in research (Greenland, 1998) .
In our meta-analysis, socioeconomic status was considered as exposure (we did separate meta-analyses using educational and occupational levels), whereas consumption of cheese and milk was considered as the outcome. The average difference in cheese and milk consumption between individuals with the highest and the lowest socioeconomic levels (education and occupation) was used as the variable to be compared between socioeconomic levels (effect size, d i ). All comparisons were done separately for each gender. Country, year of the study, and method of dietary assessment were considered as variables which could act as effect modifiers.
We estimated a summary difference (d s ) as the weighted effect size (Hedges, 1982) : (Greenland, 1998) . A test of heterogeneity was calculated, estimating a Q statistic, which follows a chi-square distribution with degrees of freedom n-1, n being the number of studies included in the analysis. A low P value for this statistic indicates the presence of heterogeneity, which somewhat compromises the validity of the pooled estimates (Takkouche et al, 1999) . To pool the individual estimates we used the DerSimonian and Laird's random effect model (DerSimonian & Laird, 1986) .
Because significant heterogeneity was clearly evident in the pooled difference estimates for all studies combined, we evaluated potential sources of heterogeneity by subset analysis and linear meta-regressions (Greenland, 1998) . We analyzed subgroups and fitted a meta-regression using the year of the study, the response rate, the dietary assessment method (24-48 h recall, 7-day non-weighted dietary record, food frequency questionnaire and diet history) and the adjustment for total energy intake (yes or no) as independent variables. The difference of means in cheese and milk consumption (effect size, d i ) was used as the dependent variable.
Finally, sensitivity analyses were also conducted. We excluded the studies considered outliers and recalculated the pooled estimate of the differences in consumption.
Results
Thirteen studies were selected but only 12 of them fulfilled all the criteria to be included in this study. The EPIC study (EPIC Group in Spain, 1999 ) cannot be considered as a representative sample of the Spanish adult population and it was not included in the meta-analyses. Descriptive characteristics of the 13 studies are presented in Table 1 .
The number of subjects included in these studies varied from 704 to 23 209. The range of the response rate in individual studies was 55 -95%. Even though age was not individually available in each of these studies, the global age range was 11 -85 y.
As shown in Table 2 , regarding cheese consumption, we found a positive and statistically significant association between a higher level of education and a greater consumption of cheese both in women and men in most of the studies with some exceptions such as Denmark and Norway, where the trends were negative for men although they were not statistically significant. We also found positive associations between a higher level of occupation and a greater consumption of cheese in both women and men, but there were no statistically significant differences in most of the individual studies. We did not find an association between the level of education or occupation and the consumption of milk when we pooled the estimates from the different countries.
Although the EPIC study was based on a non-representative sample, this study is the only one in Spain including population from different regions and including a very large sample. Therefore, we decided to repeat the analyses including also the EPIC to provide a sensitivity analysis of the estimations. Nonetheless, neither the significance of the Q statistic for heterogeneity nor the significance of the estimations changed when this study was included in the analyses (Table 3) .
As displayed in Table 3 , the pooled estimates for cheese consumption followed a similar positive and statistically significant association. The average difference in the consumption of cheese between women belonging to extreme educational levels was 9.0 g/day (95% CI: 7.1 to 11.0). The analog observation in men was 6.8 g/day (95% CI: 3.4 to 10.1). The pooled estimates of the differences between subjects belonging to the highest and the lowest occupational levels were 5.1 g/day (95% CI: 3.7 to 6.5) in women and 4.6 g/day (95% CI: 2.1 to 7.0) in men. However, calculating the Q statistic for heterogeneity, we found that there was heterogeneity among the studies included in the meta-analysis.
When we assessed differences in milk consumption we observed a positive association between a higher level of education and a greater consumption of milk; however, this association was not statistically significant. The difference in the consumption of milk in women and men was 5.9 g/day (95% CI: -18.6 to 30.3) and 4.2 g/day (95% CI: À23.9 to 32.3), respectively. On the other hand, the pooled estimate when we used occupational level was negative and not statistically significant in both genders: À33.4 g/day (95% CI: À71.0 to 4.2) in men and À12.1 g/day (95% CI: À36.8 to 12.7) in women.
The survey from Finland was considered as an outlier in the analysis regarding milk intake and educational level because the limits of the difference were very wide ranging from À201.4 to À79.4 g/day. When we excluded this study, the positive association previously seen persisted with a higher effect size, 16.8 g/day (95% CI: -6.9 to 40.6) for men and 13.7 g/day (95% CI: -7.5 to 34.8) for women.
The difference of means across educational and occupational levels and their confidence intervals (95%) for each study and for the pooled estimate for cheese consumption are shown in Figures 1 (education) and 2 (occupation) and for milk consumption in Figures 3 (education) and 4 (occupation) (Figures 1-4 ). Diet history *We report the actual number of subjects included in extreme levels of education or occupation, and not the overall sample size of the respective survey.
+
The EPIC study corresponds to the baseline dietary assessment of the Spanish EPIC cohort. This study cannot be considered as a representative sample of the Spanish adult population and, therefore, it was not initially included in the meta-analyses. But it is the only study in Spain including population from different regions, and for this reason it was included in a second step to provide a sensitivity analysis of the estimations.
Socioeconomic differences in food habits in Europe Socioeconomic differences in food habits in Europe A Sanchez-Villegas et al
921

European Journal of Clinical Nutrition
In the subgroup analyses, when the data were stratified according to dietary assessment method, adjustment for total energy intake, response rate, and year of study, we found homogeneity in the comparison of cheese consumption between occupational levels among women. Homogeneity was also found in the comparison of cheese consumption according to occupation among men, when we stratified according to adjustment for total energy intake, response rate, and year of study (Table 4) . With regard to milk consumption we observed this homogeneity in the comparison by education among men, when we stratified according to adjustment for the dietary assessment method (Table 4) .
In order to find out those variables, which may be potential effect modifiers, we performed a meta-regression (Greenland, 1998) (Table 5 ). Among men, we found that differences in cheese and milk consumption between higher and lower educational levels and/or occupational levels decreased if the study had been developed after 1990, if the response rate had been lower than 70%, and if the consumption had been adjusted by total energy intake. Among women, we found a similar trend but only for the educational level. Table 6 shows the results obtained when the milk consumption was divided into full-fat milk and skimmed milk. Only four studies collected data about types of milk consumption and educational level and only three of them about types of milk consumption and occupational level.
The pooled estimates for skimmed milk consumption followed a positive and statistically significant association only when occupational level was used to assess socioeconomic differences. The differences in the consumption of skimmed milk between the highest and the lowest level were 35.0 g/day (95% CI: 9.1 to 61.0) and 32.9 g/day (95% CI: 15.7 to 50.1) for women and men, respectively.
Analyzing full-fat milk consumption regarding occupational level, we found an inverse significant association with educational level, but only among women.
Discussion
A positive and statistically significant association was found between a higher level of education or occupation and a greater consumption of cheese. Those belonging to higher social classes may disregard the fat cheese provides in favor of its pleasure value (Prätälä et al, in press). However, the absolute magnitude of the association, although statistically significant, was quite low. The differences in consumption between the higher and the lower educational and occupational levels ranged from 5 to 9 g/day. Besides this, we did not have enough information to establish whether people from higher social classes consume low-fat cheese while people of the lower ones do it with high-fat cheese (Prätälä et al, in press). Table 3 Pooled differences in cheese and milk consumption (g/day) between individuals with the highest and the lowest educational/occupational levels in 13 European dietary surveys 1985-1995 (95% confidence intervals) 
o0.01)
A negative difference means a higher consumption by those in the lower socioeconomic level. n 1 : Number of studies by educational level, n 2 : number of studies by occupational level. Figure 2 Cheese consumption (differences between the highest and the lowest occupational levels). Figure 4 Milk consumption (differences between the highest and the lowest occupational levels).
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A Sanchez-Villegas et al A negative difference means a higher consumption by those in the lower socioeconomic level. n 1 : number of studies by educational level; n 2 : number of studies by occupational level. Our findings about a higher consumption of cheese in the higher social class are consistent with previous studies (Popkin et al, 1989; Erkkilä et al, 1999; Borrell et al, 2000) . We also observed a positive association between a higher level of education and a greater consumption of milk. However, the association between occupational level and milk intake was negative both for men and women.
Some dietary guidelines recommend replacing full-fat milk with low-fat or skimmed milk. In many countries, skimmed milk is mainly consumed by the higher socioeconomic groups whereas the lower groups consume full-fat milk. Unfortunately, our data did not allow us to perform further analyses, although some differences found in our metaanalysis point toward a higher consumption of skimmed milk among people belonging to higher occupational levels. We also have to take into account the magnitude of the effect found in the comparison between the higher and the lower occupational levels according to skimmed milk consumption. Both men and women belonging to the higher occupational level exceed the skimmed milk consumption in more than 30 g/day as compared with the lower one.
Possibly, class differences may explain differences in food choice. Subjects in a higher social class or better educated people have different attitudes toward health and healthy foods perhaps because highly educated people have a better knowledge about a healthy diet than subjects in a lower social class or less educated subjects. Roos et al found a higher consumption of vegetables, fruits and cheese and a lower consumption of milk, butter, and bread among higher socioeconomic levels (Roos et al, 1996) . It has been shown that educated people eat more salads and less meat and fats. Some studies have suggested that the upper social groups tend to consume more low-fat milk and cheese and less fullcream milk than lower social groups (Smith & Baghurst, 1992; James et al, 1997) . These differences can perhaps be explained by the fact that higher social groups are more interested, self-conscious, and responsible about their health.
Another explanatory factor is the status of different foods. 'Modern' foods are those whose consumption is increasing (Roos et al, 2001 ). Higher-class people distinguish themselves by choosing modern foods while lower-class people adhere more to traditional foods (Smith & Baghurst, 1992) . Obviously, under-reporting is another factor that has to be taken into account. Those belonging to the lower social classes may under-report their intake due to their lower education, whereas those belonging to higher classes may do it in order to respond to what social images expect from them (Roos et al, 2001) . However, it is difficult to accept that this general principle may also be applied to dairy products. Messages about health effects emphasizing low-fat products may be involved in this fact.
Osteoporosis is one of the major public health problems in developed countries (European Commission, 1998; National Institutes of Health, 2000) . Moreover, although dietary Table 6 Pooled differences in skimmed and full-fat milk consumption (g/day) between individuals with the highest and the lowest educational/occupational levels in A negative difference means a higher consumption by those in the lower socioeconomic level. n 1 : number of studies by educational level; n 2 : number of studies by occupational level.
Socioeconomic differences in food habits in Europe A Sanchez-Villegas et al calcium intake plays an important role in bone metabolism, consumption of this micronutrient is below recommended levels in many of these countries (European Commission, 1998) . Calcium deficiency resulting from inadequate intake or poor intestinal absorption is related with reduced bone mass. In fact, an association between low levels of calcium intake and osteoporosis has been repeatedly reported (Dawson-Hughes, 1998; Bendich, 2001; Gennari, 2001) . In addition, calcium may decrease the risk of hypertension (Ascherio et al, 1996) , coronary artery disease (Ness et al, 2001) , and stroke (Iso et al, 1999) . Likewise, recently, an inverse association between frequency of dairy intake and development of obesity, abnormal glucose homeostasis, elevated blood pressure, dyslipidemia, and the overall insulin-resistance syndrome has been observed (Pereira et al, 2002) . An important concern is social desirability bias. People belonging to higher socioeconomic classes would be more likely to be compliant with the messages promoting dairy intake to reduce the risk of osteoporosis or several chronic diseases so that they might over-estimate their cheese consumption. However, we do not suspect that overreporting may have biased our results. Instead, it seems more logical that subjects from a higher social class would be more likely to under-report their cheese consumption than to over-estimate it. A high consumption of dairy products has been considered as a component of an unhealthy diet because of the widespread message promoting a low-fat diet together with the known high-fat content of cheese products. Higher classes would avoid dairy products to follow the health policy recommendations (Schrauwen & Westerterp, 2000) . Although the cheese benefits have been suggested, these are still very little known. On the other hand, we do think that part of the substantially greater effect size observed regarding skimmed milk may be explained by the social desirability bias and selective over-reporting among higher social classes.
Finally, we have to consider the cost of food and the available budget to buy food products. Cheese is generally an expensive product. This is another likely explanation of our findings.
A potential limitation of our study is the heterogeneity between studies. Substantial heterogeneity existed in the initial pooled estimates except for differences in cheese intake among women according to occupational levels. The stratification reduced the heterogeneity but only for cheese intake. Heterogeneity continued after stratifying on several factors when the difference in milk consumption was analyzed.
The response rate in each survey showed a positive association with the effect size. The difference in means across educational and/or occupational levels decreased when the response rate was less than 70%. An adequate design with a high response rate seems to minimize the bias in the estimation of the observed differences in consumption.
Likewise, we found that the difference in means decreased when the consumption of cheese or milk was adjusted for total energy intake. Adjustment for energy intake can be considered as an indicator of quality of the study. When the total amount of consumed food is considered, the differences in cheese and milk consumption were lower across educational and occupational levels. In many countries, peopleFespecially menFbelonging to the lower occupational and educational groups have a higher energy consumption and therefore eat more. Unfortunately, we did not have the individual information from each participant in order to get energy-adjusted figure in the use of cheese and milk. This procedure might have diminished the differences between men and women as far as low occupational levels are considered.
The meta-regression analysis was consistent with the existence of the inverse relationship between the year of the study and the size of the effect. The apparent trends of a lower effect size when the study was conducted after 1990 may suggest that behaviors regarding healthy diet are changing rapidly among individuals belonging to lower social classes. For example, milk and dairy products have been considered expensive products for years in many European countries. Nevertheless, such differences are currently waning, for example, the statistically significant differences in milk consumption between socioeconomic and educational levels found in Spain in 1983 disappeared in 1993 (Arija et al, 1996) . Changes in food habits take place first in higher social classes because their consumption is related to what is socially perceived as 'modern'Fthough it is not always correlated with what is recommended in dietary patterns ('modernity hypothesis')Fwhereas the change in lower social classes takes place later because they consume more traditional foods and their change has to do with the imitation of what higher classes do (Prätälä et al, in press ). In conclusion, we can infer that social differences are not a stable factor but a factor changing in time. Nevertheless, although the trends are changing, socioeconomic differences in cheese and milk intake remain among European countries.
have provided unpublished data to be included in this metaanalysis.
